sulfonamides are prepared (i) by the N-acylation of sulfonamides with N-(α,β-unsaturated acyl)benzotriazoles in the presence of potassium tert-butoxide or sodium hydride and (ii) by reactions of appropriate α,β-unsaturated carboxamides with sulfonylbenzotriazoles in the presence of sodium hydride.
Introduction
N-(α,β-Unsaturated acyl)sulfonamides are plant disease control agents, 1 selective EP 3 antagonists, 2, 3 anti-inflammatory agents 3 and useful intermediates in asymmetric 1,4-addition, 4a-4c for the synthesis of substituted β-lactams, 4d γ-butyrolactams, 4e and 2-quinolinones. 5a ,5b
Published preparations of N-(α,β-unsaturated acyl)sulfonamides include (i) the acylation of sulfonamides (RSO 2 NH 2 ) by (a) unsaturated acyl chlorides (R'CH=CHCOCl) in the presence of a base (such as triethylamine, 3,5a n-butyllithium, 4d or NaH 6, 7 ) or a copper powder catalyst; 8 (b) unsaturated carboxylic acids via mixed anhydride in the presence of Lewis acid catalyst; 9 (ii) reactions of aryl isocyanates (RSO 2 NCO) with 1-alkenyltrialkylstannanes, di-1-alkenyldibutylstannanes in the presence of aluminium trichloride 10a or with substituted alkenes; 10b (iii) reactions of sulfonamide with the Wittig adduct obtained from (triphenylphosphoranylidene)ketene and an aldehyde; 11 (iv) coupling of unsaturated acids with sulfonamides in the presence of 1-ethyl-3-(3'-dimethylaminopropyl)carbodiimide (EDCI); 2, 3, 12 (v) dehydrogenation of the corresponding saturated analogs by using LDA followed by N-tertbutylbenzenesulfinimidoyl chloride. 5a,13 Herein, we report the acylation of sulfonamides with stable, crystalline N-(α,β-unsaturated acyl)benzotriazoles to give N-(α,β-unsaturated acyl)sulfonamides. 
Results and Discussion
The acylating agents (1a-g) were prepared in 74-95 % yield from the corresponding carboxylic acids and benzotriazole with thionyl chloride. 14 Sulfonamides (2c-e) were prepared by the reaction of the corresponding sulfonyl chloride with ammonia (28 % solution).
15
N-Acylation of p-toluene sulfonamide (2a) with cinnamoyl benzotriazole (1a) in the presence of sodium hydride failed at 0 o C but occurred at higher temperature. 16 An alternative route to 3 involves reaction of α,β-unsaturated carboxamide (4) with sulfonyl benzotriazoles (5) in the presence of a base. The reaction of cinnamamide (4a), with ptoluenesulfonylbenzotriazole (5a) in the presence of potassium tert-butoxide at room temperature, failed to give product in 24 h. However, reaction of 4a with 5a in the presence of sodium hydride at room temperature for 1 h, gave the expected N-(α,β-unsaturated acyl)sulfonamide (3a) in 71 % yield. Similarly, carboxamides (4a-c) reacted with sulfonylbenzotriazoles (5a-c) as shown in the Table 2 , to provide the products 3k, 3f, 3m and 3n in 25-30 % yields.
Conclusions
A general method for the preparation of N-(α,β-unsaturated acyl)sulfonamides from the corresponding sulfonamides by N-acylation with N-(α,β-unsaturated acyl)benzotriazoles has been developed. An alternative route involves reaction of an unsaturated carboxamide with the sulfonylbenzotriazoles. This method involves readily available starting materials, stable and crystalline benzotriazole derivatives and short reaction times.
Experimental Section
General Procedures. All reactions were carried out under nitrogen atmosphere and solvents were dried according to standard procedures. Carboxylic acids, sulfonamides, sulfonyl chlorides, benzotriazoles and potassium tert-butoxide were purchased and used without further purification. The strength of n-BuLi used was 1.6 M. Purification by column chromatography was carried out using silica gel. Melting points are uncorrected.
1 H NMR (300 MHz) and 13 C NMR (75 MHz) spectra were recorded in CDCl 3 (with TMS for 1 H and chloroform-d for 13 C as the internal standard). Elemental analyses were carried out by the Analytical Laboratory in the Center for Heterocyclic Compounds, Department of Chemistry, University of Florida.
General procedure for preparation of unsaturated N-acylbenzotriazoles 1a-g To a solution of 1H-1,2,3-benzotriazole (11.9 g, 100 mmol) in CH 2 Cl 2 (125 mL), SOCl 2 (1.9 mL, 25 mmol) was added drop wise with stirring at room temperature. After 30 min unsaturated acid (25 mmol) was added. After 3 h, the solid was filtered and washed with CH 2 Cl 2 (50 mL). The combined filtrate was washed with 2N NaOH (2 × 100 mL), water (100 mL) and brine (30 mL). The organic layer was dried over anhydrous MgSO 4 , filtered and the solvent evaporated under vacuum to obtain a solid, which was recrystallized to afford N-acylbenzotriazoles (1a-g). 1-(1H-1,2,3-Benzotriazol-1-yl)-2,3-diphenyl-2-propen-1-one (1f) General procedure for preparation N-(α,β-unsaturated acyl)sulfonamides 3a-l To a suspension of potassium t-butoxide (0.08 g, 0.72 mmol) in THF (3 mL) at 0 o C was added a solution of sulfonamide (0.6 mmol) in THF (5 mL). The resulting mixture was stirred at room temperature for 1 h. It was again cooled to 0 o C and a solution of unsaturated Nacylbenzotriazole (0.6 mmol) in THF (7 mL) was added and stirred at room temperature for 3 h. The reaction was quenched with addition of saturated solution of ammonium chloride (5 mL), ethyl acetate (15 mL) was added and the organic layer was separated. The aqueous layer was extracted with ethyl acetate (15 mL). The combined organic layer was dried over anhydrous Na 2 SO 4 . After filtration the solvent was evaporated to get the crude product which was purified by column chromatography (silica gel) eluting ethyl acetate/hexanes (1:3) to get the corresponding N-(α,β-unsaturated acyl)sulfonamides 3a-l (Table 1) . 
4-Methyl-N-[(E)-3-phenyl-2-propenoyl]benzenesulfonamide (3a

4-Methyl-N-[(E)-3-(2-thienyl)-2-propenoyl]benzenesulfonamide (3c
4-(tert-Butyl)-N-[(E)-2-methyl-3-phenyl-2-propenoyl]benzenesulfonamide (3i
General procedure for preparation of sulfonylbenzotriazoles (5a-c)
To a solution of benzotriazole was added SOCl 2 at rt with stirring. After half an hour, α,β-unsaturated acid was added in one portion and stirring was continued for 3 h. The precipitate was filtered off and washed with CH 2 Cl 2 . The filtrate was washed with NaHCO 3 solution, brine and dried over anhydrous MgSO 4 . The solvent was removed under reduced pressure to obtain the corresponding sulfonylbenzotriazoles (5a-c). N-(α,β-unsaturated acyl)sulfonamides 3a,3k,3f,3m and  3n To a suspension of NaH (0.14 g, 3.4 mmol, 60 %) in THF (3 mL) at room temperature was added a solution of carbonyl amide (0.09 g, 1 mmol) in THF (3 mL) dropwise. The resulting mixture was stirred at room temperature for 1 h. A solution of sulfonyl-benzotriazole (0.301g, 1 mmol) in THF (5 mL) was added and stirred for 1 h. The reaction was quenched by addition of saturated solution of ammonium chloride (15 mL), ethyl acetate (15 mL) was added and the organic layer was separated. The aqueous layer was extracted with ethyl acetate (15 mL). The combined organic layer was dried over anhydrous Na 2 SO 4 . After filtration the solvent was evaporated to give the crude product which was purified by column chromatography (silica gel) eluting ethyl acetate/hexanes (1:3) to afford the corresponding N-(α,β-unsaturated acyl)sulfonamides (3a,3k,3f,3m and 3n) ( Table 2) . 
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